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(54) Discharge lamp ARC tube and method of producing the same

(57) A discharge lamp arc tube comprises: a glass

tube having a linear extension portion, a closed glass

bulb, and pinch seal portions at both sides of the closed

glass bulb; and electrode assemblies, each having an
electrode rod, a molybdenum foil and a lead wire inte-

grally series-connected, the molybdenum foil having

oxide films thereon, wherein the electrode assemblies

are inserted into the glass tube and pinch-sealed such

that the molybdenum foils are positioned at the respec-

tive pinch seal portions.
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Description

BACKGROUND OF THE INVENTION

The present invention relates to a discharge lamp s

arc tube having a closed glass bulb containing elec-

trodes arranged to be opposite to each other and lumi-

nous materials, etc., sealed therein, especially relates

to an arc t-.^e having a closed glass bulb without any
tip-off ponia ., and a method of producing the same. 10

Fig. 6 shows a conventional discharge lamp device.

The discharge lamp device has a structure in which

front and rear end portions of an arc tube 5 are sup-

ported by a pair of lead supports 3 and 4 projecting for-

ward from an electrically insulating base 2. The 15

reference character G designates an ultraviolet screen-

ing globe for cutting off an ultraviolet component in a
wavelength region harmful to human bodies from light

emitted from the arc tube 5.

The arc tube 5 has a structure in which a closed 2c

glass bulb 5a is formed between a pair of front and rear

sides pinch seal portions 5b, 5b such that a pair of elec-

trode rods 6, 6 are disposed so as to be opposite to

each other in the glass bulb 5a by the pinch seal por-

tions 5b, 5b respectively and luminous materials are 25

sealed in the glass bulb 5a. A piece of molybdenum foil

7 which connects the electrode rod 6 projected into the

inside of the closed glass bulb 5a and a lead wire 8 led

out from the pinch seal portion 5b to each other is

sealed in the pinch sealed portion 5b, so that the air- 30

tightness in each of the pinch seal portions 5b is

secured.

That is. tungsten rods excellent in durability are

most suitably used as the electrode rods 6 but tungsten

is largely different in linear expansion coefficient from 35

glass and inferior in airtightness because tungsten is

hardly fitted to glass. Accordingly, molybdenum foil 7
having a linear expansion coefficient close to that of

glass and relatively well fitted to glass, is connected to

each of the tungsten electrode rods 6 and sealed by 40

each of the pinch seal portions 5b so that airtightness in

each of the pinch seal portions 5b is secured.

A method for producing the arc tube 5 is disclosed,

for example, in Japanese Patent Application Laid-open

No. Hei. 6-231729. As shown in Fig. 7(a), first, an elec- 45

trode assembly A including an electrode rod 6, a piece

of molybdenum foil 7 and a lead wire 8 to which the rod

6 and the foil 7 are integrally connected is inserted into

a cylindrical glass tube Wfrom one opening end side of

the glass tube W. The glass tube W has a spherically so

swollen portion w2 formed in the middle of the glass

tube W, that is. between linear extension portions w
1

. A
position near the spherically swollen portion w2 is

primarily pinch-sealed. Then, as shown in Fig. 7(b),

luminous materials P. etc.. are introduced into the 55

spherically swollen portion w2 from the other opening

end side of the glass tube W. Then, as shown in Fig.

7(c), after another electrode assembly A is inserted, a

position P2 near the spherically swollen portion w2 is

heated and secondarily pinch-sealed while the spheri-

cally swollen portion w2 is cooled by liquid nitrogen so
that the luminous materials, etc., are not vaporized. In

this manner, the spherically swollen portion w2 is sealed
hermetically, so that an arc tube 5 having a tipless

closed glass bulb 5a is finished.

Incidentally, in the primary pinch sealing step
shown in Fig. 7(b), pinch-sealing is performed while an
inert gas (generally, inexpensive argon gas) is supplied,

as a forming gas, into a glass tube W so that the elec-

trode assemblies A are not oxidized. Further, in the sec-

ondary pinch sealing step shown in Fig. 7(c), pinch-

sealing is performed in a nearly vacuum state because
the glass tube W with its opening ends closed is cooled

by liquid nitrogen so that luminous materials, etc., are

not vaporized.

In the conventional arc tube, however, the linear

expansion coefficient of the molybdenum foil 7 sealed

by the pinch seal portions 5b is not quite equal to that of

glass even though the molybdenum foil 7 is well fitted to

glass. Further, the temperature difference of the lamp is

large between at the time of switching on and at the time

of switching off, so that heat stress due to the tempera-
ture change is generated in the interface between the

molybdenum foil 7 and glass. Further, the vibration of an
engine and vibration due to the running of a car are

transmitted to the arc tube. Accordingly, there arises a
problem that a gap is formed between the molybdenum
foil 7 and a glass material in long-term use, that is, foil

floating occurs to cause the leakage of materials sealed

in the closed glass bulb.

Therefore, the present inventor conducted experi-

ments and made considerations on the aforementioned

problems. As a result, the inventor confirmed that foil

floating was reduced if molybdenum foil having its sur-

face oxidized was sealed in the pinch-seal portion.

Thus, the inventor has achieved the present invention.

That is, the present invention is based on the afore-

mentioned problems and the inventor's findings and its

object is to provide a discharge lamp arc tube free from
foil floating in pinch seal portions and a method of pro-

ducing the same.

SUMMARY OF THE INVENTION

To achieve the foregoing object, according to a first

aspect of the invention, the discharge lamp arc tube
comprises electrode assemblies, each of which is con-

stituted by an electrode rod, a piece of molybdenum foil

and a lead wire integrally series-connected, wherein the

electrode assemblies are inserted into a glass tube from

opposite opening ends of the glass tube, regions of the

glass tube including the pieces of molybdenum foil are

pinch-sealed to form a closed glass bulb in which lumi-

nous materials, etc., are sealed and electrodes are dis-

posed so as to be opposite to each other, and oxide

films are formed on surfaces of the piece of molybde-

2
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num foil fixedly sealed in each of the pinch seal por-

tions. An Mo-O-S intermediate layer formed between

the molybdenum layer and the glass layer serves as an
adhesive layer to firmly stick the molybdenum layer to

the glass layer and also serves to absorb various kinds 5

of stress such as heat stress, etc., generated in the

interface between molybdenum and glass due to the dif-

ference in linear expansion coefficient between molyb-

denum and glass.

According to a second aspect of the invention, in 70

the discharge lamp arc tube described above, the quan-

tity of surface oxidation of the molybdenum foil is in a
range of from 1 5 % by weight to 80 % by weight, ff the

quantity of surface oxidation of the molybdenum foil is

not larger than 1 5% by weight, there is no effect for pre- is

vention of foil floating. On the other hand, if the quantity

of surface oxidation is not smaller than 80 % by weight,

the molybdenum foil is oxidized up to the inside of the

molybdenum foil
, to reduce mechanical strength and

durability of the molybdenum foil to thereby bring about 20

a disadvantage such as foil disconnection, or the like.

Accordingly, the quantity of surface oxidation of the

moiybdenum foil is preferably selected to be in a range

of from 1 5 % by weight to 80 % by weight.

According to a third aspect of the invention, a 25

method of producing an arc tube comprises the steps

0* rtsertmg an electrode assembly, which has an elec-

frode rod. a piece of molybdenum foil and a lead wire

tntegrafly series-connected, into a glass tube from one
opening end of the glass tube; primarily pinch-sealing a 30

region of the glass tube containing the piece of molyb-

denum toil; introducing luminous materials, etc., into the

glass tube from the other opening end of the glass tube;

inserting another electrode assembly, has another elec-

trode rod, another piece of molybdenum foil and 35

another lead wire integrally series-connected, into the

glass tube from the other opening end of the glass tube;

and secondarily pinch-sealing another region of the

glass tube containing the other piece of molybdenum
foil to thereby produce an arc tube having a closed glass 40

bulb containing the electrodes disposed so as to be
opposite to each other and the luminous materials, etc.,

sealed therein; wherein, in the primary pinch-sealing

step, a surface of the piece of molybdenum foil is oxi-

dized while a forming gas is supplied into the glass tube 45

and, in the secondary pinch-sealing step, a surface of

the other piece of molybdenum foil is oxidized before the

other electrode assembly is inserted into the glass tube.

According to a fourth aspect of the invention, in the

discharge lamp arc tube producing method according to so

the third aspect, the forming gas supplied into the glass

tube comprises an inert gas such as argon gas. or the

like, in order to prevent excessive oxidation of the elec-

trode assemblies; and air in the neighborhood of open-

ing ends of the glass tube is made to flow into the glass 55

tube by an ejector function with the inflow of the forming

gas into the glass tube to thereby supply oxygen into the

glass tube. When the inner diameter of the forming gas

supply nozzle inserted into the glass tube from the

opening end of the glass tube is selected to be smaller

than the inner diameter of the glass tube, air in the

neighborhood of the opening end of the glass tube is

made to flow into the glass tube by the ejector function

to thereby contribute to oxidation of the molybdenum
foil.

According to a fifth aspect of the invention, in the

method of producing a discharge lan^o arc tube

described in the. third aspect, the forming c>, .3 supplied

into the glass tube is adjusted in advance so that a small

amount of oxygen is contained in an inert gas such as

argon, or the like, in order to prevent excessive oxidation

of the electrode assemblies, tn the secondary pinch-

sealing step, a forming gas having components

adjusted to contain oxygen in advance may be used.

According to a sixth aspect of the invention, a

method of producing a discharge lamp arc tube com-
prises the steps of: inserting an electrode assembly

which has an electrode rod, a piece of molybdenum foil

and a lead wire integrally series-connected, into a glass

tube from one opening end of the glass tube; primarily

pinch-sealing a region of the glass tube containing the

piece of molybdenum foil; introducing luminous materi-

als, etc., into the glass tube from the other opening end

of the glass tube; inserting another electrode assembly

which has another electrode rod, another piece of

molybdenum foil and another lead wire integrally series-

connected, into the glass tube from the other opening

end of the glass tube; and secondarily pinch-sealing

another region of the glass tube containing the other

piece of molybdenum foil to thereby produce an arc tube

having a closed glass bulb containing the electrodes

disposed so as to be opposite to each other and the

luminous materials, etc., sealed therein; wherein, in the

primary and secondary pinch-sealing steps, surfaces of

the pieces of molybdenum foil are oxidized before the

electrode assemblies are inserted into the glass tube.

Electrode assemblies each containing molybdenum foil

having its surface oxidized may be prepared in advance

as electrode assemblies used in the primary and sec-

ondary pinch-seal sides.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical sectional view of an arc tube as
an embodiment of the present invention;

Fig. 2 is a horizontal sectional view of a pinch seal

portion of the arc tube;

Fig. 3 is a graph showing the relation between the

quantity of oxidation of molybdenum foil sealed in

the pinch seal portion and the incidence of foil float-

ing;

Fig. 4 is a view showing the atomic arrangement

structure on a surface of molybdenum foil;

Figs. 5(a) to 5(d) are views for explaining an arc

tube producing process: Fig. 5(a) is a view for

explaining the primary pinch-sealing step; Fig. 5(b)
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is a view for explaining the step of introducing lumi-

nous materials, etc; Fig. 5(c) is a view for explaining

the tipping-off step; and Fig. 5(d) is a view for

explaining the secondary pinch-sealing step;

Fig. 6 is a sectional view of a conventional dis-

charge lamp; and

Figs. 7(a) to 7(c) are views for explaining a conven-

tional arc tube producing process.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be
described below.

Figs. 1 to 5 show an embodiment of the present

invention. Fig. 1 is a vertical sectional view of a dis-

charge lamp arc tube which is an embodiment of the

present invention; Fig. 2 is a horizontal sectional view of

a pinch seal portion of the arc tube; Fig. 3 is a graph

showing the relation between the quantity of oxidized

molybdenum foil sealed in the pinch seal portion and
the incidence of foil floating; Fig. 4 is a view showing the

atomic arrangement structure on a surface of the

molybdenum foil; and Fig. 5 is a view for explaining a
process of producing the arc tube.

In these drawings, a discharge lamp device to

which an arc tube 10 is attached has the same structure

as the conventional structure shown in Fig. 6. and the

description thereof will be therefore omitted here.

The arc tube 10 has a structure in which a round-

pipe-like quartz glass tube W having a spherically swol-

len portion w2 formed in the longitudinal middle of a lin-

ear extension portion w., is pinch-sealed at portions

near the spherically swollen portion w2 so that pinch

seal portions 13, 13 rectangularly shaped in cross sec-

tion are formed in opposite end portions of an ellipsoidal

tipless closed glass bulb 12 forming a discharge space.

Starting rare gas, mercury and metal halide (hereinafter

referred to as "luminous materials, etc.") are sealed in

the closed glass bulb 12.

A pair of tungsten electrode rods 6, 6 constituting

discharge electrodes are disposed in the closed glass

bulb 12 so as to be opposite to each other. The elec-

trode rods 6, 6 are connected to pieces of molybdenum
foil 7 sealed in the pinch seal portions 13, respectively.

Molybdenum lead wires 8 connected to the pieces of

molybdenum foil 7 are led out from the end portions of

the pinch seal portions 13, respectively. The rear end
side lead wire 8 passes through a round-pipe-like por-

tion 14, which is a pinchless seal portion, and extends
to the outside.

The external appearance structure of the arc tube

10 shown in Fig. 1 is not apparently different from the

conventional arc tube 5 shown in Fig. 6. However, in this

embodiment, the pinch-sealed molybdenum foil 7 is

coated with an oxide film (in a range of from 1 5 % by

weight to 80 % by weight of the quantity of oxidized

molybdenum foil) on its surface so that foil floating never

occurs in the pinch seal portions 13 even in use for a

long time.

That is, the molybdenum foil 7 having its surface

oxidized is pinch-sealed to thereby form an Mo-O-Si
5 intermediate layer in the interface between the molyb-

denum foil and quartz glass. By the presence of the Mo-
O-Si intermediate layer, not only the molybdenum layer:

is firmly bonded to the glass layer but also various kinds

of stress such as heat stress, etc., r*^ -g on the inter-

ne face between molybdenum and quar^ jass due to the

difference in linear expansion coefficient between
molybdenum and quartz glass, is absorbed. As a result,

foil floating never occurs.

Fig. 3 shows the relation between the quantity of

15 oxidized molybdenum foil fixedly sealed in a pinch seal

portion of the arc tube and the incidence of foil floating.

This relation has been obtained from experiments con-

ducted by the present inventor.

That is, in the step shown in Fig. 5(a) which will be
20 described later in detail, an electrode assembly A is

inserted into a glass tube W so as to be disposed

therein. While a forming gas is supplied from a forming

gas (argon gas) supply nozzle 20 inserted into the glass

tube W, a predetermined pinch-seal portion of the glass

25 tube W is sufficiently heated by a burner 24. The opera-

tion of a pincher 26 is stopped just before the glass tube

W is pinch-sealed by the pincher 26. After the glass

tube W is cooled while a forming gas (argon gas) is sup-

plied, the electrode assembly A is taken out. The aper-

30 ture of the nozzle 20 in this step is changed variously so
that the quantity of air taken into the glass tubeW by an
ejector function is changed. Alternatively, a forming gas
adjusted in advance to contain a small amount of oxy-

gen is used. Consequently, the degree of oxidation of

35 molybdenum foil to be pinch-sealed is changed.

Further, oxygen (O) and silicon (S) in the center
3

position of the molybdenum foil are analyzed by EPMA
and compared with a standard sample to thereby be
quantified.

40 The relation between the quantity of oxidation of the

Mo foil obtained by the aforementioned analysis and the

incidence of foil floating is examined. As a result, data

(71 % for 1 2.86 % by weight of oxide. 1 8% for 1 4.48 %
by weight of oxide, 0 % for 15.54 % by weight of oxide.

45 0 % for 1 5.81 % by weight of oxide, and 0% for 1 6.54%
by weight of oxide) as shown in Fig. 3 are obtained.

As seen from Fig. 3, the incidence of foil floating

decreases as the quantity of oxidization in the surface of

the Mo foil increases. With 1 3 to 1 5% by weight of oxide

so in the surface of the Mo foil as a boundary, the incidence

of foil floating is reduced from 70 % to 0 %.
Further, it is considered that the atomic arrange-

ment on the oxidized Mo foil surface is such that surplus

oxygen atoms (O) contributing to oxidation of Mo are

55 dispersed in Si02 lattices which are formed from quartz

glass heated and vaporized by the burner and aggre-

gated onto the Mo foil surface, as shown in Fig. 4. Fur-

ther, it is considered that the mechanism of adhesion

4
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between Mo foil and quartz glass in the pinch seal por-

tion is such that molybdenum oxide (Mo02 or M0O3)
generated by the oxidation of a part of the Mo foil reacts

with quartz glass (SiC>2) or Mo ions are diffused in an
Si02 crystal to thereby form an Mo-O-Si intermediate

layer in the interface of adhesion to perform firm vac-

uum airtight adhesion. Further, it is considered that the

force of adhesion between Mo foil and quartz glass

increases to thereby prevent the occurrence of foil float-

ing as the quantity of oxidation of the Mo foil surface

increases.

The occurrence of foil floating becomes difficult as
the quantity of oxidation of the Mo foil surface increases.

If the quantity of oxidation is not smaller than 80 % by

weight, however, the Mo foil is oxidized up to its inside

and becomes fragile so as to be inferior in mechanical

strength and durability. Accordingly, the quantity of oxi-

dation of the Mo foil surface is preferably not larger than

80% by weight

The process of producing the arc tube having the

tipless closed glass bulb 12 shown in Fig. 1 will be
described below with reference to Fig. 5.

First, a glass tube W having a spherically swollen

portion w2 formed in the middle of a linear extension

portion w
1

is produced in advance. As shown in Fig.

5(a). a forming gas (argon gas) supply nozzle 20 is

inserted into the glass tube W from an upper opening

end of the glass tube W while the glass tube W is held

vertically and an electrode assembly A is inserted into

the glass tube W from a lower end opening and held in

a predetermined position. This forming gas is to keep
the inside of the glass tube W in a pressurized state at

the time of pinch-sealing and to prevent the electrode

assembly from being oxidized. The reference numeral

22 designates a glass tube-gripping member.
A position (containing the molybdenum foil) of the

linear extension portion w
1
near the spherically swollen

portion w2 is then heated by the burner 24 and primarily

pinch-sealed by the pincher 26 while the forming gas is

supplied into the glass tube W through the nozzle 20.

The reference numeral 21 designates a forming gas
(argon gas) supply nozzle disposed toward the lower

end portion of the glass tube W so that a lead wire 8 led

out of the glass tube W is prevented from being oxi-

dized.

The inner diameter of the nozzle 20 is selected to

be smaller than the inner diameter of the glass tube W
so that a gap is formed between the glass tube W and
the nozzle 20. Therefore, in the primary pinch-sealing

step shown in Fig. 5(a), a negative pressure is gener-

ated in the neighborhood of the pointed end portion of

the nozzle 20 in the glass tube W with the inflow of the

forming gas into the glass tube W. so that air in the

neighborhood of the opening end of the glass tube W
flows into the glass tube W. That is, air in the neighbor-

hood of the opening end of the glass tube W is taken

into the glass tube W by the ejector function. The air

taken into the glass tube W then flows down, together

with the forming gas, into the glass tube W and is dis-

charged out of the glass tube W from the lower end
opening of the glass tube W. Accordingly, the electrode

assembly A in the glass tube W is exposed to the form-

5 ing gas (argon gas) containing air (oxygen) and oxidized

so that a molybdenum oxide layer is formed on the sur-

face of the molybdenum foil 7. The quartz glass tube W
heated and softened is pinched so that the molybdenum
foil having its surface oxidized (in the oxidization propor-

10 tion in a range of from 15 % by weight to 80 % by
weight) by contact with the air-containing forming gas
for a predetermined time is sealed in the pinch.seal por-

tion 1 3. The pinch seal portion 1 3 is structured so that

the molybdenum foil and the quartz glass are firmly inte-

rs grally adhered to each other by the MO-O-Si intermedi-

ate layer formed between the molybdenum foil and the

glass.

Then, as shown in Fig. 5(b), luminous materials P,

etc., are introduced into the spherically swollen portion

20 w2 from the upper end opening of the glass tube W.
Then, another electrode assembly A' having molybde-

num foil 7 with its surface which has been oxidized in

advance (in the oxidation proportion in a range of from

1 5 % by weight to 80 % by weight) is inserted into the

25 glass tube W from its upper end opening and held in a

predetermined position. The reference numeral 30 des-

ignates an iron alloy lead wire integrated by spot-weld-

ing to a lead wire of the electrode assembly A'. A piece

of molybdenum foil 32 as lead wire is integrally spot-

30 welded to the other end portion of the lead wire 30. If a
magnet 34 is moved along the glass tube W, the elec-

trode assembly A' with lead wire can be moved to a pre-

determined position so as to be held thereat.

After the glass tube W is evacuated, a predeter-

35 mined upper region of the glass tube W is tipped off

while Xe gas is supplied, as shown in Fig. 5(c). Thus,

the assembly A* with lead wire is temporarily fixed and
luminous materials, etc., are sealed in the glass tube W.

As shown in Fig. 5(d), a position (containing the

40 molybdenum foil) of the linear extension portion near

the spherically swollen portion w2 is then heated by

means of the burner 24 and secondarily pinch-sealed

by means of the pincher 26 while the spherically swollen

portion w2 is cooled by liquid nitrogen (LN2 ) so that the

45 luminous materials P, etc., are not vaporized. Thus, the

spherically swollen portion w2 is sealed hermetically to

thereby complete a glass tube having a tipless closed

glass bulb 1 2 containing electrodes arranged so as to

be opposite to each other and containing luminous

so materials P, etc., sealed therein. That is, the molybde-

num foil 7 of the electrode assembly A' to be inserted

into the secondary pinch seal side is oxidized in

advance (in the oxidation proportion in a range of from

15 % by weight to 80 % by weight) so that a molybde-

55 num oxide layer is formed on the surface of the molyb-

denum foil 7. In the secondary pinch-sealing step, the

quartz glass tube W heated so as to be softened is

pinch-sealed so that the molybdenum foil 7 is sealed in
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the pinch seal portion 13. Further, an Mo-O-Si interme-

diate layer is formed between the molybdenum foil and
the glass layer in the pinch seal portion 13 so as to

make the molybdenum foil and the glass layer that firmly

integrally adhere to each other. Finally, the end portion 5
of the glass tube is cut off by a predetermined length to

obtain such an arc tube 1

0

( as shown in Fig. 1

.

Although the aforementioned embodiment has
been described about the case where argon gas is used
as the forming gas supplied into the glass tube, any w
inert gas such as H2 gas, N2 gas, Kr gas, Xe gas, etc.,

may be used.

Although the aforementioned embodiment has
been described about the case where the glass tube is

tipped off to thereby enclose luminous materials, etc. , in 15

the glass tube after the primary pinch-sealing and
before the secondary pinch-sealing, the glass tube may
be directly pinch-sealed without any tipping-off after the
primary pinch-sealing to thereby seal luminous materi-

als, etc, in the glass tube in the same manner as in the 20

conventional step shown in Fig. 7(c).

Atthough the aforementioned embodiment has
described about the case where a method in which air

is positively taken into the glass tube by means of the

«tedor function with the supply of the forming gas into 25

the glass tube is employed as a method for oxidizing the
prmary pinch-seal side molybdenum foil, a method in

when a predetermined amount of oxygen (O2) is mixed
•n the forming gas in advance to adjust the constituent

coTTponents of the gas, or a method in which surface 30

axrfabon is applied to the primary pinch-seal side

molybdenum foil in advance in the same manner as in

the secondary pinch-seal side molybdenum foil, may be
used.

As apparent from the above description, in the dis- 35

charge lamp device arc tube according to the present
invention, not only molybdenum foil and glass are made
to firmly integrally adhere to each other but also various

kinds of stress generated in the interface of adhesion is

absorbed and reduced by the presence of an Mo-O-Si 40

intermediate layer formed between the molybdenum
layer and the glass layer in the pinch seal portion. Foil

floating is eliminated even in use for a long time.

Accordingly, stable electric discharge is guaranteed for

a long time. 45

According to the second aspect, foil floating is elim-

inated securely, so that stable electric discharge is

securely guaranteed for a long time.

In the arc tube producing method according to the
third aspect, the respective steps in the conventional arc so

tube producing method can be used with little change
so that surface-oxidized molybdenum foil can be sealed
in a pinch seal portion. Accordingly, an arc tube in which
stable electric discharge can be guaranteed for a long

time can be provided inexpensively. 55

According to the fourth aspect, in the primary pinch-

sealing step, air in the neighborhood of the opening end
of the glass tube is taken into the glass tube so that

molybdenum foil is oxidized by the ejector function while

the forming gas is supplied into the glass tube. Accord-
ingly, the primary pinch-seal side molybdenum foil is

oxidized automatically in the series of arc-tube produc-
ing process. Because the arc tube producing process is

little different from the conventional process, an arc tube
in which stable electric discharge can be guaranteed for

a long time can be provided inexpensively.

According to the fifth aspect, in the primary pinch-

sealing step, a gas which is adjusted so that a small

amount of oxygen is contained in an inert gas effective

for prevention of oxidation of electrode assemblies is

used as a forming gas. Accordingly, the primary pinch-

seal side molybdenum foil is oxidized automatically in

the series of arc tube producing process. Because the

arc-tube producing process is little different from the

conventional process, an arc tube in which stable elec-

tric discharge can be guaranteed for a long time can be
provided inexpensively.

In the arc tube producing method according to the

sixth aspect, electrode assemblies each containing sur-

face-oxidized molybdenum foil are prepared in advance
as electrode assemblies used for the primary and sec-

ondary pinch-seal sides. Accordingly, the quantity of

surface oxidation of molybdenum foil sealed in the

pinch-seal portion can be managed to be always kept

constant, so that arc tubes free from foil floating, excel-

lent in durability and having substantially uniform char-

acteristic can be mass-produced.

Claims

1 . A discharge lamp arc tube comprising:

a glass tube having a linear extension portion,

a closed glass bulb, and pinch seal portions at

both sides of the closed glass bulb; and
electrode assemblies, each having an elec-

trode rod, a molybdenum foil and a lead wire

integrally series-connected, the molybdenum
foil having oxide films thereon, wherein the

electrode assemblies are inserted into the

glass tube and pinch-sealed such that the

molybdenum foils are positioned at the respec-

tive pinch seal portions.

2. The discharge lamp arc tube according to claim 1

,

wherein a quantity of the oxidation of the molybde-
num foil is in a range of from 15 % by weight to 80
%by weight.

3. A method of producing a discharge lamp arc tube
comprising the steps of:

inserting an electrode assembly having an
electrode rod, a molybdenum foil and a lead

wire integrally series-connected, into a glass

tube from one opening end of the glass tube;
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primarily pinch-seaiing a region of the glass

tube containing the molybdenum foil, wherein

the primarily pinch-sealing step includes the

step of forming oxide films on surfaces of the

molybdenum foil of the electrode assembly

while a forming gas is supplied into the glass

tube;

introducing luminous materials into the g]ass

tube from the other opening end of the glass

tube;

forming oxide films on surface of a molybde-

num foil for another electrode assembly;

inserting the electrode assembly having an

electrode rod, the molybdenum foil and an lead

wire integrally series-connected, into the glass

tube from the other opening end of the glass

tube; and

secondarily pinch-sealing another region of the

glass tube containing the other molybdenum
foil to thereby produce an arc tube having a
closed glass bulb containing the electrodes dis-

posed so as to be opposite to each other and
the luminous materials sealed therein.

tube from the other opening end of the glass

tube;

forming oxide films on surface of a molybde-

num foil of another electrode assembly;
s inserting the electrode assembly having an

electrode rod, the molybdenum foil and an lead

wire integrally series-connected, into the glass

tube from the other opening end of the glass

tube; nnd
10 secur Jarily pinch-sealing another region of the

glass tube containing the other molybdenum
foil to thereby produce an arc tube having a

closed glass bulb containing the electrodes dis-

posed so as to be opposite to each other and
is the luminous materials sealed therein.

8. The method of producing a discharge lamp arc tube

according to claim 7, wherein quantities of the oxi-

dation of the molybdenum foils are in a range of

20 from 1 5% by weight to 80% by weight

4. The method of producing a discharge lamp arc tube 25

according to claim 3. wherein the forming gas sup-

plied into the glass tube comprises an inert gas in

order to prevent excessive oxidation of the elec-

trode assemblies; and air in the neighborhood of

opening ends of the glass tube is made to flow into 30

the glass tube by an ejector function with the inflow

of the forming gas into the glass tube to thereby

supply oxygen into the glass tube.

5. The method of producing a discharge lamp arc tube 35

according to claim 3, wherein the forming gas sup-

plied into the glass tube is adjusted in advance so
that a small amount of oxygen is contained in an
inert gas in order to prevent excessive oxidation of

the electrode assemblies. 40

6. The method of producing a discharge lamp arc tube

according to claim 3, wherein quantities of the oxi-

dation of the molybdenum foils are in a range of

from 15 % by weight to 80 % by weight. 45

7. A method of producing a discharge lamp arc tube

comprising the steps of:

forming oxide films on surface of a molybde- so

num foil of an electrode assembly;

inserting the electrode assembly having an

electrode rod, the molybdenum foil and a lead

wire integrally series-connected, into a glass

tube from one opening end of the glass tube; 55

primarily pinch-sealing a region of the glass

tube containing the molybdenum foil;

introducing luminous materials into the glass

7
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